A novel, simple, validated stability indicating HPLC method was developed for determination of Koptrizon and Tinosorb S. Stability indicating power of the method was established by forced degradation study. The chromatographic separation was achieved with Waters X Bridge C18 column, by using mobile phase consisting of a mixture of acetonitrile : tetrahydrofuran : water (38 : 38 : 24, v/v/v). The method fulfilled validation criteria and was shown to be sensitive, with limits of detection (LOD) and quantitation (LOQ) of 0.024 and 0.08 g mL −1 for Koptrizon and 0.048 and 0.16 g mL −1 for Tinosorb S, respectively. The developed method is validated for parameters like precision, accuracy, linearity, solution stability, specificity, and ruggedness as per ICH norms. Design expert with ANOVA software with linear model was applied and a 2 3 full factorial design was employed to estimate the model coefficients and also to check the robustness of the method. Results of the two-level full factorial design, 2 3 with 10 runs including two-centre-point analysis based on the variance analysis (ANOVA), demonstrated that all three factors, as well as the interactions between retention time of Koptrizon, Tinosorb S, and USP plate count for Koptrizon, are statistically significant.
Introduction
Frequent exposure to UV radiation causes pronounced harmful effects on human health. UV radiation-induced effects are manifested as acute responses, namely, sunburn, hyperplasia, and immunosuppressant, and as chronic responses, primarily photo carcinogenesis and photo ageing [1] .
The molecules employed in cosmetic products to protect skin from the sun are classified as physical and chemical sunscreens. Physical sunscreens are represented mainly by zinc and titanium oxides which interrupt the path of UV light by scattering or reflection. Chemical sunscreens are generally aromatic compounds conjugated with an electrondonating group in "ortho" or "para" position and an electron acceptor group. This chemical structure favours electron delocalization and therefore helps excitation of molecules from ground state to an excited state. The energy required for this transition corresponds to the energies of ultraviolet A (UVA) and Ultraviolet B (UVB) radiations [2, 3] .
Chronic exposure to UVB (280-320 nm) wavelengths induces damage to human skin, such as burns and erythema, but increases evidence of demonstrates that UVA radiation (320-400 nm) contributes to photo aging, which results in the accumulation of massive amounts of abnormal elastic material in the dermis of photo-aged skin and modification in collagen structure [4] [5] [6] .
The use of sunscreen products is a widely accepted way of primary prevention against the harmful effects of solar radiation. To limit sun exposure, one is advised to wear loose fitting, tightly woven clothing, to stay in the shade 2 ISRN Chromatography between 11 a.m. and 3 p.m., and to use a sunscreen with a sun protection factor (SPF) of 15 or higher liberally reapplying every 2 h or after working, swimming, playing, or exercising outdoors [7] [8] [9] .
The necessity to provide high SPF and screening efficiency against both UVA and UVB wavelengths has led to the development of sunscreen formulations with multiple added sunscreen chemicals [10] .
The literature survey reveals that several techniques have been reported such as derivative spectrophotometry [11] , high performance thin layer chromatography (HPTLC) [12, 13] , gas chromatography and GC-MS [14] , High performance liquid chromatography (HPLC) [15] [16] [17] [18] [19] [20] [21] [22] [23] , in vitro and in vivo assessment of skin penetration and systemic absorption in human volunteers [24, 25] , and in vitro SPF determination by UV [26] for individual or combination of sunscreen agents in cosmetic products. Koptrizon (KPT) or Ethylhexyl triazone chemically known as 4-[ [4,6-bis[[4-(2- ethylhexoxy-oxomethyl)phenyl]amino]-1,3,5-triazin-2-yl]amino] benzoic acid 2-ethylhexyl ester (Figure 1(a) ) is an oil-soluble UVB filter (maximum absorption 314 nm) manufactured by BASF under the trade mark Uvinul T150 and used in cosmetic formulation at concentrations up to 5%. Due to its insolubility in water and affinity to the skin keratin, it is particularly suitable for water-resistant products. Its excellent photostability and high absorption coefficient make it a valuable ingredient when a high SPF value is required [27] .
Tinosorb S (TIN) or Bemotrizinol chemically known as 2,2 -[6-(4-methoxyphenyl)-1,3,5-triazine-2,4-diyl] bis{5-[(2-ethylhexyl)oxy]phenol} (Figure 1(b) ) is an oil-soluble organic compound that is added to sunscreens to absorb UV rays. TIN is a broad-spectrum UV absorber, absorbing UVB as well as UVA rays. It has two absorption peaks, 310 and 340 nm. It is highly photostable. TIN has strong synergistic effects on the SPF when formulated with Bisoctrizole, Ethylhexyl triazone, or Iscotrizinol. It is the most effective UV absorber available measured by SPF, based on the maximum concentration permitted by European legislation [28] [29] [30] [31] .
There is not any method reported to estimate sunscreen agents KPT and TIN simultaneously in sunscreen formulations. It is essential to have a good analysis method to provide assurance of quality and effectiveness of the products. The purpose of this research work is to develop simple, accurate, and stability indicating method for simultaneous determination of Koptrizon and Tinosorb S in sunscreen formulations by HPLC. Design of experiment (DOE) technique was employed to study the effect of critical factors on the method performance.
The drug product stability guideline Q1A (R2) issued by the International Conference on Harmonization (ICH) [32] suggests that stress studies should be carried out on a drug to establish its inherent stability characteristics, leading to identification of degradation products and, hence, supporting the suitability of the proposed analytical procedures. It also requires that analytical procedures for testing the stability of samples should be stability indicating and should be fully validated.
Experimental

Materials and Reagents.
Sunscreen topical formulation and placebo were provided by Dr. Reddy's Lab., India. Koptrizon (Potency 99.7%) and Tinosorb S (Potency 99.1%) working standards were provided by BASF, India. HPLC grade acetonitrile and tetrahydrofuran were purchased from Rankem, India. 0.2 m PTFE syringe filter and Also, 0.2 m Nylon syringe filter were procured from Millipore, India. Water for HPLC was generated using Milli-Q Plus water purification system (Millipore, Milford, MA, USA).
Chromatographic Conditions and Equipments. HPLC
(Allaince Waters, with Empower 2 software), photo stability chamber (Sanyo, Leicestershire, UK), dry air oven (Cintex, Mumbai, India), XS205 dual range balance (Mettler Toledo), and Cintex digital water bath were used for specificity studies. All chromatographic experiments were performed in the isocratic mode. Separation was achieved on Waters X Bridge C18 (50 × 4.6 mm, 3.5 ) column as stationary phase by using mixture of acetonitrile : tetrahydrofuran : water (38 : 38 : 24, v/v/v) as mobile phase. Other parameters such as run time 6 minutes, 1.2 mL min −1 as flow rate, injection volume of 5 L, and column temperature of 50 ∘ C were finalized during development. KPT and TIN were detected at 311 nm. Mixture of tetrahydrofuran : acetonitrile (80 : 20, %v/v) was used as diluents.
The stress degraded samples and the solution stability samples were analyzed using a PDA detector covering the range of 200-400 nm.
Procedure
Standard Solution
Preparation. An accurately weighed 15 mg each of KPT and TIN working standards was taken into 100 mL volumetric flasks. About 70 mL of diluent was added to this and sonicated in an ultrasonic bath to dissolve. We made up the volume with diluent, mixed well.
Sample Solution
Preparation. An accurately weighed sample equivalent to 15 mg of KPT and TIN was taken into 100 mL volumetric flask. About 70 mL of diluent was added to this and sonicated in an ultrasonic bath for 15 min with intermittent shaking. We made up the volume with diluent, mixed well. We filtered a portion of solution through 0.2 m Nylon syringe filter. developed method was challenged by forced degradation as a prevalidation.
Results and Discussion
Mobile Phase and Chromatographic Conditions Optimization.
Column selection and mobile phase selection were done simultaneously. A method development was started with Waters Symmetry C18 50 × 3.9 mm, 5 m column, as stationary phase. Mobile phase was buffer (10 mM ammonium formate pH 4.5 by formic acid) : 1,4-Dioxane, 20 : 80 v/v; flow rate 1.0 mL min −1 ; column temperature 40 ∘ C. Peak broadening with less plate count for both the peaks was observed. Further trial was carried out with different columns such as X Bridge (50 × 4.6 mm, 3.5 ) keeping mobile phase and rest of chromatographic conditions the same, and peak broadening with less plate count for both the peaks was observed. In the next trial, column was X Bridge (50 × 4.6 mm, 3.5 ) and mobile phase consisted of acetonitrile : tetrahydrofuran : water (38 : 38 : 24, v/v/v); peak tailing for Tinosorb S peak was observed. To reduce run time and improve TIN peak shape, an attempt was made by increasing column temperature to 45 ∘ C and flow rate to 1.2 mL min −1 . Peak shape for TIN improved but run time did not reduce. Further trial was for reducing run time. To reduce run time, an attempt was made by increasing column temperature to 50 ∘ C and flow rate to 1.5 mL min −1 . Good peak symmetry for both the peaks was observed for KPT and TIN with 6.0 minutes run time.The chromatogram is shown in Figure 2 . Different ratios of acetonitrile: tetrahydrofuran were tried as diluent but recovery problem was encountered. With consideration of solubility of two components, acetonitrile : tetrahydrofuran (20 : 80, %v/v) was used as diluent and satisfactory recovery was achieved.
Analytical Method Validation.
After satisfactory development of method, it was subjected to method validation as per ICH guideline [33] . The method was validated to demonstrate that it is suitable for its intended purpose by the standard procedure. Analytical method validation was carried out by means of system suitability, accuracy, precision, linearity, robustness, solution stability, and filter compatibility.
System Suitability.
System suitability parameters were measured so as to verify the system, method, and column performance. The % RSD (relative standard deviation) of KOP and TIN was calculated from peak area count of five replicate injections (standard preparation) to be below 0.20%. Low values of % RSD of replicate injections indicate that the system is precise. Results of other system suitability parameters such as theoretical plates tailing factor are presented in Table 1 .
Specificity.
Specificity is the ability of the method to measure the analyte response in the presence of its potential impurities [33] . Forced degradation studies were performed to demonstrate selectivity and stability indicating capability of the proposed RP-HPLC method. Figure 2 shows that there is not any interference at the RT (retention time) of KOP and TIN due to blank and placebo and degradation products. Placebo, standard, and sample chromatogramss are presented in Figures 2(a), 2(b), and 2(c), respectively. Significant degradation was observed when the drug product was subjected to oxidation (30% v/v H 2 O 2 , 70 ∘ C, 2 h) and base hydrolysis (5(N) NaOH, 70 ∘ C, 5 h). Significant degradation was not observed when KOP and TIN were subjected to acid hydrolysis (5(N) HCl, 70 ∘ C, 5 h). Sample chromatogram for base degradation and peroxide oxidation studies are presented in Figure 2 (d) and Figure 2 (e), respectively. Also no significant degradation was observed when the drug product was photolytic exposed (1.2 million lux hours and 200 wh m −2 UV light) and thermal exposed (105 ∘ C, 6 h). Peaks due to KOP and TIN were investigated for spectral purity in the chromatogram of all exposed samples and found spectrally pure. Peak purity angles were less than peak purity thresholds for KOP and TIN. The purity and assay of KOP and TIN were unaffected by the presence of impurities and degradation products, thus confirming the stability-indicating power of the developed method. Results from forced degradation study are given in Table 2 .
Method Precision (Repeatability).
The precision of the assay method was verified by repeatability and by intermediate precision. Precision was investigated using sample preparation procedure for six real lotion samples and analysing by proposed method. The average % assay values ( = 6) of KOP and TIN were 102.4%, 99.2%, and 98.8%, respectively, with RSD of less than 1.0%. Intermediate precision (reproducibility) was studied using different columns and performing the analysis on different days. Results are presented in Table 3 along with precision data. Low values of % RSD indicate that the method is precise.
Accuracy.
To confirm the accuracy of the proposed method, recovery experiments were carried out by standard addition technique. Three different levels (50%, 100%, and 150%) of standards were added to preanalysed placebo samples in triplicate. The percentage recoveries of KOP and TIN at each level and each replicate were determined. The mean of percentage recoveries ( = 3) and the % RSD were calculated. The amount recovered was within ±1% of the amount added, which indicates that the method is accurate and also there is no interference due to excipients present in topical formulation. The results of recoveries for assay are shown in Table 4 .
Limit of Detection (LOD) and Quantification (LOQ).
The LOD and LOQ were determined at a signal-to-noise ratio of 3 : 1 and 10 : 1, respectively, by injecting a series of dilute solutions with known concentrations. The limit of detection and limit of quantification values of KOP and TIN are reported in Table 3 . 3.3.6. Linearity. Linearity was demonstrated from 50% to 150% of standard concentration using minimum five calibration levels (50%, 75%, 100%, 125%, and 150%) for the KOP and TIN compounds, which gave us a good confidence on analytical method with respect to linear range. The response was found linear for all KOP and TIN from 50% to 150% of standard concentration, and correlation coefficient was greater than 0.999. Bias was also found within ±0.5.
The results of correlation coefficients, -intercept bias, and linearity equations for KOP and TIN are presented in Table 3 .
3.3.7. Robustness. As defined by the ICH, the robustness of an analytical procedure describes its capability to remain unaffected by small and deliberate variations in method parameters [33] . The robustness as a measure of method capacity to remain unaffected by small but deliberate changes in chromatographic conditions was studies by testing influence of small changes in flow rate (1.5 ± 0.2 mL min −1 ), change in column oven temperature (50 ± 5 ∘ C), and change in mobile phase tetrahydrofuran composition (38 ± 5%).
No significant effect was observed on system suitability parameters such as theoretical plates and tailing factor. RSD of KOP and TIN was calculated from peak area count of five replicate injections, when small but deliberate changes were made to chromatographic conditions. The results are presented in Table 1 along with system suitability parameters of precision and intermediate precision study. Thus, the method was found to be robust with respect to variability in previous conditions.
Experimental Design Approach.
Design Expert Software (Stat-Ease Inc., Statistic made easy, Minneapolis, MN, USA, version 7.0.0) was used for the experimental design throughout this screening process study. The full factorial design requires fewer measurements than the classical oneat-a-time experiment to give the same precision. At the same time, it detects and estimates any interaction between the factors. In order to study the simultaneous variation of the factors on the considered responses, a multivariate approach using design of experiments is recommended in robustness testing. However, if an analytical method is fast and requires the testing of a few factors (three or less), a good choice for robustness testing may be design expert, widely employed because of its high efficiency with respect to lesser number of runs required in full factorial mode. In Figure 5 : Three-dimensional plot of the fully factorial for predicted response RT of KPT plotted on -axis as a function of factor. (a) A (flow rate) and B (column temperature); fixed factor: C (% tetrahydrofuran 38.0%). (b) B (column temperature) and C (% tetrahydrofuran); fixed factor: A (flow rate 1.5mL min −1 ). (c) A (flow rate) and C (% tetrahydrofuran); fixed factor: B (column temperature 50 ∘ C). RT of TIN plotted on -axis as a function of factor. (d) A (flow rate) and B (column temperature); fixed factor: C (% tetrahydrofuran 38.0%). (e) B (column temperature) and C (% tetrahydrofuran); fixed factor: A (flow rate 1.5 mL min −1 ). (f) A (flow rate) and C (% tetrahydrofuran); fixed factor: B (column temperature 50 ∘ C). Plate count of KPT plotted on -axis as a function of factor. (g) A (flow rate) and B (column temperature); fixed factor: C (% tetrahydrofuran 38.0%). (h) A (flow rate) and C (% tetrahydrofuran); fixed factor: B (column temperature 50 ∘ C). (i) B (column temperature) and C (% tetrahydrofuran); fixed factor: A (flow rate 1.5 mL min −1 ). order to study the three variables at two levels, the design used in robustness testing of KOP and TIN retention times and theoretical plate number for TIN was a 2 3 full factorial design. ANOVA with linear model was applied to estimate the model coefficients and also check the robustness of the method. Three factors and two levels caused full factorial design 2 3 , in addition to that two centre points resulted total of ten experimental points-which were carried out in random order. Effect of two factors in the resulting RT responses of KPT, TIN and plate count of KPT shown in Pareto chart (Figure 3 ). Three factors were considered: flow rate mL min −1 (A), column temperature (B), and tetrahydrofuran composition% in mobile phase (C). The factors and level considered (responses) for the study are shown in Table 5 . Standards and sample of KOP and TIN were prepared in assay concentration. The critical retention time for both KOP and TIN and also USP plate count for KOP peak were studied as response. All factors show negative effect in all three responses for one-factor-at-a-time response (Figure 4 ). The ANOVA statistical test was employed to determine the significant and most contributing factors where they were ranked on the basis of degree of ratio. The higher the value corresponds with smaller "Prob > " value, the more significant are the resultant model and individual coefficient. Table 6 shows the reading of ANOVA analysis where value and value of the model were 743.3 and 0.0001, respectively, demonstrating that the estimated model fits the experimental data satisfactorily. Also, the 2 value was nearly close to 1 (0.99), which indicates that 99% of the data variability was successfully explained by the model. This means that with slight change of temperature, flow rate and % tetrahydrofuran composition in mobile phase during analysis, retention time (RT) of KPT will be affected. Hence, from this data generated by the model, it can be explained that RT of KPT is decreasing with increasing in mobile phase flow rate, column temperature and % tetrahydrofuran composition as shown in Figures 5(a) , 5(b), and 5(c). Table 7 shows the reading of ANOVA analysis where -value and -value of the model were 630.25 and 0.0001, respectively, demonstrating that the estimated model fits satisfactorily with the experimental data. And also, the 2 value was nearly close to 1 (0.99), which indicates that 98% of the data variability was successfully explained by the model. This means that with slight change of temperature, flow rate, and % tetrahydrofuran composition in mobile phase during analysis, RT of TIN will be affected. Hence, from this data generated by the model, it explained that RT of TIN is decreasing with increasing in mobile phase flow rate, column temperature, and % tetrahydrofuran composition as shown in Figures 5(d) , 5(e), and 5(f). Table 8 shows the reading of ANOVA analysis where -value and -value of the model were 111.87 and 0.0001, respectively, showing that the estimated model fits the experimental data satisfactorily. And also, the 2 value was nearly close to 1 (0.98), which indicates that 99% of the data variability was successfully explained by the model. This means that with slight change of temperature, flow rate, and % tetrahydrofuran composition in mobile phase during analysis, the USP plate count of KPT will be affected. Hence, from this data generated by the model, it explained that plate count of KPT is decreasing with increasing in mobile phase flow rate, column temperature, and % tetrahydrofuran composition as shown in Figures 5(g) , 5(h), and 5(i).
3.3.9. Design Space. DOE revolves around the concept of the design space, the multidimensional combination, and interaction of input variables and process parameters that have been demonstrated to provide assurance of quality. Working within the design space is not considered as a change. Movement out of the design space is considered to be a change and would normally initiate a regulatory postapproval change process. Design space is proposed by the applicant and is subject to regulatory assessment and approval [34] [35] [36] . Design space was established by employing full factorial design variables of flow rate (A) 1.3-1.7 mL min −1 , column temperature (B) 45-55 ∘ C, and % tetrahydrofuran composition in mobile phase (C) 33%-43% and their respective responses which are presented in Figure 6 . 
Conclusion
The experimental design describes the key HPLC method components including column temperature, mobile phase flow rate, and % tetrahydrofuran composition in mobile phase. The interrelationships are studied and the preliminary optimized conditions are obtained for each combination.
Here a better understanding of the factors influencing chromatographic separation and greater confidence in the ability of the methods to meet their intended purposes is done. Moreover, this approach ensures better design of product. A gradient RP-HPLC method was successfully developed for the estimation of KOP and TIN in topical dosage form. The method validation results have proved that the method is selective, precise, accurate, linear, robust, filter compatible, and stability indicating. The drug is stable in thermal and photolytic conditions and degrades in acidic, basic, and oxidative conditions. The method robustness was demonstrated using experimental design techniques, taking into consideration the selectivity of the RP HPLC method. The short run time (6.0 min) enables rapid determination of drug. Moreover, it may be applied for determination of KOP and TIN in the study of content uniformity, tube homogeneity, and in vitro release test profiling of KOP and TIN topical dosage forms, where sample load is higher and high throughput is essential for faster delivery of results.
